Identification of an N-methyl-4-phenylpyridinium-like metabolite of the antidiarrheal agent loperamide in human liver microsomes: underlying reason(s) for the lack of neurotoxicity despite the bioactivation event.
In contrast with the Parkinson's-like effects associated with the mitochondrial neurotoxin N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and the neuroleptic agent haloperidol, there exist no reports on adverse central nervous system (CNS) effects with the structurally related N-substituted-4-arylpiperidin-4-ol derivative and antidiarrheal agent loperamide. Although this difference can be attributed to loperamide's P-glycoprotein substrate properties that prevent it from accessing the brain, an alternative possibility is that loperamide metabolism in humans is different from that of MPTP and haloperidol and does not involve bioactivation to a neurotoxic pyridinium species. In the current study, loperamide bioactivation was examined with particular focus on identification of pyridinium metabolites. A NADPH-dependent disappearance of loperamide was observed in both rat and human liver microsomes (human t(1/2) = 13 min; rat t(1/2) = 22 min). Loperamide metabolism was similar in human and rat and involved N-dealkylation to N-desmethylloperamide (M3) as the principal metabolic fate. Other routes of loperamide biotransformation included N- and C-hydroxylation to the loperamide-N-oxide (M4) and carbinolamide (M2) metabolites, respectively. Furthermore, the formation of an additional metabolite (M5) was also discernible in human and rat liver microsomes. The structure of M5 was assigned to the pyridinium species (LPP(+)) based on comparison of the liquid chromatography/tandem mass spectrometry characteristics to the pyridinium obtained from loperamide via a chemical reaction. Loperamide metabolism in human microsomes was sensitive to ketoconazole and bupropion treatment, suggesting P4503A4 and -2B6 involvement. Recombinant P4503A4 catalyzed all of the loperamide biotransformation pathways in human liver microsomes, whereas P4502B6 was only responsible for N-dealkylation and N-oxidation routes. The wide safety margin of loperamide (compared with MPTP and haloperidol) despite metabolism to a potentially neurotoxic pyridinium species likely stems from a combination of factors that include a therapeutic regimen normally restricted to a few days and the fact that loperamide and perhaps LPP(+) are P-glycoprotein substrates and are denied entry into the CNS. The differences in safety profile of haloperidol and loperamide despite a common bioactivation event supports the notion that not all compounds undergoing bioactivation in vitro will necessarily elicit a toxicological response in vivo.